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PREFACE 


The development and availability of high-frequeney transistors 
makes possible for the first time the econstruction and operation 
of reliable r-f equipment by transistor experimenters. Heretofore, 
only occasional İlovver r-f operation vvas obtained vvith selected 
audio transistors. 


The r-f transistor vvas placed on the market after publica- 
tion of Sylvania”s booklet “28 Uses for ,İunction Transistors,” 
vrhich dealt mainly vith d-c and lovv-frequeney applications. The 
need novr has arisen for another booklet featuring r-f circults. 


This booklet, devoted entirely to high-frequeney transistor 
circuits, is, like its predecessor, addressed primarily to experi- 
menters and electronic hobbyists but vve hope that other vvorkers 
as vvell vvill find useful material on its pages. 

No license is to be implied vith respect to any inventions 
deseribed herein, and no responsibility is assumed for the applica- 
tion or interpretation of the information contained herein, or for 
any infringement of patent or other rights of third parties that 
may result from the use of that information. 


Syluania Electric Producis İnc. 
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CHAPTER 1 


Amplifiers 





1.1 455-KÇC I-F Amplifier. 


Figure 1-1 is the circuit of a tvvo-stage 455-ke i-f amplifier employ- 
ing subminiature transformers. The input impedance of this 
amplifier is approximately 25,000 ohms and output impedance 
approximately 600 ohms. Povver gain is 568 db. Bandvuidth is 12 ke 
at the 3 db points. This amplifier may be incorporated into 
battery-operated superhet receivers (See Figure 3-5, Chapter 3), 
frequeney meters, vvave analyzers, tuned electronic filters, and 
similar equipment. 

The primary vindings of the special i-f transformers have 
impedance-matching taps. The transformers are slug-tuned. The 
transformer leads are numbered in Figure 1-1 to correspond to the 
manufacturer”s numbering. 


If a transistorized converter or İst detector input stage 1s 
employed, the collector of that stage vill be connected to terminal 
Ə of transformer IF"T.. Terminal 4 vill be connected to the positive 
bias terminal. 

Oscillation is prevented by neutralization of the amplifter 
by means of the tvo 5-uufd fixed capacitors, Cə and Cs. The circuit 
vvill oscillate vigorously if these capacitors are omitted. 


Conventional alignment procedure is folloveed: Connect a 
455-ke signal generator (modulated or unmodulated) to the am- 
plifier input terminals. Connect an r-f vacuum-tube voltmeter to 
the amplifier output terminals. Adyust the serevvdriver-tuned slug 
of each transformer for peak deflection of the v-t voltmeter. 
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B— Four 1/2 v Size-D flashlight cells IFT,, IFT:, IFT:—455-kc transistor i-f 


connected in series for 6 volis iransformers—Miller 2041 
C,—0.01 ufd 200 v metallized tubular R:—24K /2 vvaft 
C:—5 uufd ceramic R:—5.1K /2 vvaft 
C:—0.01 ufd 200 v metallized tubular R:—IK /2 vvatt 
C:—0.01 ufd 200 v metallized tubular R:—500 ohms /2 vvaft 
C:—0.01 ufd 200 v metallized tubular R:—270K /2 vvaft 
Ce—5 uufd ceramic R:—220 ohms /2 vvaft 
C,—0.01 ufd 200 v metallized tubular S—$pstf toggle svvitch 


İNPUT 





FIGURE 1-1—Transistorized 455-KC I-F Amplifier. 


Povver is supplied by a 6-volt battery, B. Because of the 
lov” current drain of the amplifter, this battery can consist of four 
Size-D flashlight cells conneeted in series. 
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1.2 R-F impedance Transformer. 


Experimental circuitry occasionally calls for a change of impedance 
from high to İov in a signal circuit vvith minimum İoss. "The 
vacuum-tube cathode follovver is ideal for this purpose. 

Figure 1-2 shovvs the transistor counterpart of the r-f cathode 
follover. This is a common-collector circuit vvhich has many of 
the features of the tube cathode follovver. Some of these are higher 
input than output impedance, excellent İrequeney response, İlovv 
distortion of vvaveform, significant povver gain, and negligible 
phase shift. 

The input impedance of this circuit, vvith the eonstants shovn 
in Figure 1-2, is approximately 2000 ohms, output impedance 
75 ohms. The input impedance may be boosted by raising the 
output impedance (increasing the size of the emitter output 
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İ 0.01 
afd 


HIGH-IMPED ANCE mica 
R-F INPUT 


LOVV-IMPEDANCE 
R-F OUTPUT 


ON-OFF 


İnput İmpedance: approx. 20000 
Oufpuf İmpedance: approx. 750 
Povver Gdin: 2-15 db. (q) 1 MC/S 


FIGURE 1-2—R-F Impedance Transformer, 


resistor). The input impedance roughly vill be 25 times the output 
impedance, in most cases. 

Povver gain of the impedance-transforming amplifier may 
vary from 2-15 db, at 1 megaceyecle. 

This amplifier may be made small enough in size to be en- 
eclosed in a probe at the end of a coaxial cable. İt vill have numer- 
ous applications in test instruments and signal transfer equlpment. 


CHAPTER 2 


Oscillators 





2.1 High-Relicbiliry 100- 1000-kc 
Frequeney Standard. 


A transistorized erystal-type secondary frequeney standard has 
the advantages of lov d-c drain, independence from the povver 
line, freedom from hum and heating., very small size, and com- 
pletely self-contained construction. 


Heretofore, audio-type transistors have been employed to 
some extent in frequeney standards. Hovvever, not all transistors 
have given equally good results at the radio frequencies involved. 
Individual transistors have failed to vork at all. 

The r-f type transistor makes possible a completely reliable 
standard-frequeney oscillator in vvhich transistors need no special 
selection. 


Figure 2-1 is the circuit of a 100-1000-kce erystal-type standard- 
frequeney oscillator. A Bliley Type SMC-100, dual mode, erystal 
is employed. This erystal vvill oscillate strongly on 100 or 1000 ke, 
provided the corresponding tuned circuit is operated in the 
collector output circulit. 


Slug-tuned coils, Li and Lə, each shunted by a 200-uufd 
silvered mica capacitor, are employed for tuning. Lı is the 100 ke 
inductor, Lə 1000 ke. A single-pole, 3-position, non-shorting, 
rotary svvitch is the frequeney selector. At its left-hand setting, 
this svvitch cuts the 100 kc tank into the collector circuit. At its 
center setting, the 1000 kc tank is svvyitched-in, and at its right- 
hand setting (OFF), the battery circuit is interrupted and the 
signal svvitched off. 


Bliley $MC-100 
(100-1000-KC erystal) 
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Chassis 


L,—$lug-tuned 2-18 mh coil (Miller 6314) 
L,—Slug-tuned 54-245 uh coil (Miller 6196) 


FIGURE 2-1—High-Relicbility 100-1000-KC Frequeney Standard. 


To tune the oscillator: (1) Set the selector svyitch to its 
100-ke position. (2) Connect an r-f vacuum-tube voltmeter, 
svyitched to its 0-1.5 or 0-3-volt range, to the R-F OUTPUT ter- 
minals. (3) VVith an insulated serevvdriver, adyust the slug of 
inductor L, for peak deflection of the meter. (4) Set the selector 
svyitch to its 1000-ke position. (5) Adyust the slug of inductor Lə 
for peak deflection of the meter. 

The 50-uufd variable coupling capacitor serves as an r-f 
output control by varying the impedance in series vyith the high 
output terminal. 

The lov, d-c drain of this oscillator allovvs the use of tvvo 
112-volt penlight cells connected in series as the d-c source. 
Por maximum stability, some engineers prefer to use the large- 
size flashlight cells and to omit the ON-OPFF svviteh, alloving the 


instrument to run continuously. 


2.2 4.5-MC Crystal TV Sound Marker Oscillator. 


Visual TV alignment requires an accurate 4.5-megaeyecle e-v/ signal 
for sound channel marking. Self-excited oscillators are unsuitable 


for this purpose because of their frequeney error. 


Some of the older type visual alignment (sveep) signal 
generators have no provision for erystal-controlling the marker 
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4.5-NMc Crystal 
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FIGURE 2-2 —4.5-MC Crystal TV Sound Marker Oscillator. 


circuit for sound-channel pips. An external erystal oscillator must 
be provided for these instruments. 


The 4.5-Me erystal oscillator shovrn in Figure 2-2 is convenient 
for this purpose, since it needs no connection to the poveer line 
nor to the svveep generator povver supply. İt is operated from self- 
contained flashlight cells. 


The tuned circuit consists of a single-layer coil (L) and a 
100-uufd midget variable capacitor. To tune the oscillator initially, 
connect an r-f vacuum-tube voltmeter, svitched to its 0-5 or 
0-10-volt range, to the R-F OUTPUT terminals and adypust the 
variable capacitor for peak deflection of the meter. At this point, 
the collector tank is tuned to the erystal frequeney. The tuning 
then need not be changed subsequently unless the tuning capacitor 
setting is disturbed. 


The small size of the output coupling capacitance (10 uufd) 
enables the marker oscillator to be connected to a variety of 
circuits vvithout severe detuning from the erystal frequeney. 


2.3 High-Frequeney Crystal Oscillator. 


One of the features of the r-f transistor attractive to the experi- 
menter is its ability to oscillate at high frequencies. "his enables 
the transistorization of a variety Of circuits for instrumentation 
and for control devices. 


Crystal 







2/2 mh. 
RFC 


7500 


insert milliammefer 


TOK here if desired 


ıl 


FIGURE 2-3 —High-Frequeney Crystal Oscillator 
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Active erystals vill oscillate in 2N94 transistor circults at 
frequencies up to 5 megaceycles vith average transistors and up 
to 7 Me vith individual transistors. Figure 2-3 shovvs a reliable 
oscillator circult. 


The circuit is tuned in the normal manner common to tube- 
type erystal oscillators. "That is, the 50-uufd variable capacitor 
is adyusted for dip of the d-ec milliammeter. İt should be noted, 
hovvever, that the dip is not as pronounced in the transistorized 
oscillator as in its vacuum-tube counterpart. 


The induetance of coil Li is chosen for resonance vith the 
o0-uufd tuning capacitor (set, say, to 25 uufd) at the erystal 
frequeney. The number of turns, diameter, and length of the 
coll may be determined by means of the charts or nomograms 
found in amateur handbooks. Coil Li must be center-tapped for 
connection to the collector. "The coupling coil, Lə, consists of 5 
turns vvound 142 inch from the lovver end of Li. As an example, 
for 3.5 Mc Li vvould ceonsist of 63 turns of No. 26 enamelled vire 
closevvound on a 1”-diameter form and tapped at the ölst turn. 


VVhen the tank is tuned to the erystal frequeney, the meter 
should dip sharply. As the operating frequeney 1s increased, 
hovvever, oscillation may become more difficult to obtain, es- 
pecially vvith some erystals. Here, adyustment of R: vill promote 
oscillation as vvell as rapid starting. 


CHAPTER 3 


Broadcasf Receivers 





3.1 Emergencecy 1-Transistor Pocket Receiver. 


Very simple pocket receivers are a perennial favorite of radio 
hobbyists. Aside from their obvious toy appeal, hovever, these 
little sets have possible value for emergeney use during disasters 
vrhen important instructions may be broadcast by local radio 
stations. Any receiver of this type must be very economical of 
, batteries and should use readily obtainable flashlight batteries, 
rather than radio batteries. 

Fair sensitivity and a reasonable amount of audio output may 
be obtained from a single audio transistor and a diode detector 
in a simple receiver circuit. Figure 3-1 shovs the hookup. 

The tuned circuit consists of a high-Q ferrite antenna coil 
and 3605-uufd variable capacitor. The tuning capacitor here is a 
nevv flat unit (112 inch square and 91: inch thick) vhich enables 
the entire receiver, exclusive of headphones, to be built smaller 
than a cigarette package. 


hank antenna 












20000 
headphones 


v 
Miller 6300 N minicture 
compression 
capacitor 
(Lafayefte MS-215) 


FIGURE 3-1—Emergeney 1-Transistor Pocket Receiver. 
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The antenna is a length of flexible, insulated vvire from an 
ac-de antenna hank. This viire may be draped from a vindovv or 
door or throvvn across the floor to piek up strong İocal stations. 


Align the set initially in the folloving manner: (1) Connect 
an amplitude-modulated signal generator, set to 1600 ke, to the 
antenna lead. (2) Set the tuning capacitor to its extreme counter- 
elockvvise position. (3) Üsing an insulated serevvdriver, adyust 
the slug of the antenna coil for maximum signal in the head- 
phones. (4) If a dial is attached to the tuning capacitor, it may be 
calibrated by setting the signal generator successively to various 
broadcast frequencies, tuning them in, and marking the dial vith 
the frequeney at each setting. 


The 3-volt battery is composed of tvvo 112-volt penlight 
cells connected in series. 


3.2 Regenerdfive Broadcasf Receiver. 


Vhen miniaturization is not required, regeneration may be em- 
ployed to sensitize a simple transistor receiver. Figure 3-2 shovvs 
a circuit of this type employing a 2N94 regenerative detector and 
2N35 audio amplifter. VVith an outside antenna and ground, this 
arrangement delivers a strong headphone signal on İocal and 
nearby stations, but a volume control vvas not found necessary. 


The receiver covers the standard broadcast band vüth the 
single 365-uufd tuning capacitor. The variable 75-uufd feedback 






REGENERATION CONTROL AR-107 . 
ı 
75 pufd , 8 mh r-f choke ” 2N35 
0.01 afd 
mica Oğ 2000 TO 30000 
MAGNETIC 
ANT.O TUNING ÇƏ HEADPHONES 
ə 365 
GND.Ö 2 pytd 
L, 
Ş 
“x” Chassis 
COIL DATA 
t —— 
L, 115 turns No. 30 enamelled vvire closevvound ON-OFF 
on 1-inch diamefer form. ı 
1, 25 turns No. 30 enamelled vvire closevvound on öv 


fop of ground end of Li. 


1, 15 turns No. 30 enamelled vvire closevvound on 
fop of Lə. 


FIGURE 3-2—-Regenerafive Broadcast Receiver. 
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capacitor serves as the regeneration control, Current drain is 
112 ma from the 6-volt battery. 


Follovv the color coding shovn in Figure 3-2 for the miniature 
coupling transformer. If either the primary or secondary leads 
are reversed, the circuit vvill oscillate steadily, producing an 
annoying hovl. 


If difficulty is experienced in obtaining oscillations try 
reducing the antenna coupling and/or increasing turns on Lə. 


Be sure that Lı and Lə are phased properly. 


3.3 Transistorized Bandpass Tuner. 


The bandpass tuner has for several years been the basis of a very 
popular erystal set operated as an AM tuner ahead of a high- 
fıdelity audio system. 


VVhen using a germanium diode in the conventional manner 
in this type of tuner, the output of the circuit is lov except vvhen 
receiving the strongest local stations. This requires appreciable 
audio amplification folloving the tuner. 


It is a simple matter to include a transistor audio stage 
preamplifter, as shovvn in Figure 3-3, to obtain increased output 
from the bandpass tuner circutt. 


The 2N35 audio amplifter is operated from a 3-volt battery. 
A base-bias stabilization netvvork is supplied by the 56K and 
1.5K resistors in series. Current drain from the battery is approxiı- 
mately 0.6 milliampere. 


Tuning is quite sharp and, vith a good outside antenna and 
earth ground, stations vvithin a 30-mile radius are recelved 
reliably. The audio amplifter used after this tuner should have a 
voltage gain of 60 to 100 db for best resulits. 





Miller 242A dual 365 uuf variable Miller 242A 2N35 
, ( ) ə” 1N34A Tohf .05 
Tı) 3 T. 1 — . Hf 
ANT. Q i 3 o 5 Fə 
p - 4 1 "maağa. a” 4 əə m 
GND. Çİ ? Miller 9 ə” .. 
EL-55 .015 fd. sə ə 





3v. 


FIGURE 3-3—Transistorized Bandpass Tuner. 
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This circuit has no avc, and blasting vill occur on strong 
locals unless the volume control is turned dovn quickly on 


approaching a strong carrter. 


3.4 Four-Transistor, Detector-Amplifier 
Type Receiver. 


This receiver (See Figure 3-4) eonsists of a 2N904 deteetor folloved 
by a 2-stage 2N35 audio amplifter. "The a-f output stage is a class-B 
amplifier. Operated from a self-contained ferrite-rod 1oop antenna 
and four Size-D flashlight cells, on strong İocals this circuit 
delivers 120 millivvatts of audio to a 3- or 4-inch dynamic speaker. 
Somevvhat lover output is obtained vvhen receiving vveaker stations. 

The antenna is 10 inches long and should be mounted hori- 
zontally in the top of the set. The antenna has a lov.-impedance 
tap for connection to the 2N94 base. "This arrangement provides 
good selectivity and efficient signal pickup. "The tuning capacitor 
is connected across the entire antenna eoll. 

This circuit vvas not intended for miniaturization, although 
miniature audio transformers are employed. Hovvever, the set may 
be built in a case somevdhat smaller in size than portable battery 
sets commonly encountered. The 10-inch loop antenna and 4-ineh 
speaker determine the maximum dimensions of the case. 


İoop antenna rod 
(Miller 2000) 
. 


x 


0000000432 


365 


QOOQUQOQQ0Q2QQOöO 
Y 
o. 


— Chussis 









Argonne -B A- 
AR-107 2N35 Argonne 00 P 
: "DRİN AR-109 A 
DETECTOR 1.0 afa A-F DRİVER / Argenne AR-119 
TUNING VR k öə 
“ dy green rovvn VK blaek 





FIGURE 3-4—4-Transistor, Detector-Amplifier Type Receiver. 
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Povver is supplied by four 11235-volt Size-D flashlight cells 
connected in series, vvith a tap for --3 volts. 

Vhen viring the circuit, the technician must be careful to 
observe the correct transformer connections as shovvn by the color 
coding in Figure 3-4. Reversal of either of the transformers may 
cause audio oscillation. İf the transformers are mounted close to- 
gether, they should be oriented so that their cores are at right 
angles, to minimize magnetic coupling. 


3.5 Portable Superhef Receiver. 


Best sensitivity and selectivity are obtained vith a superhetero- 
dyne receiver. Figure 3-5 is the circuit of a transistorized superhet 
broadcast receiver. This set operates from a self-contained loop 
antenna (L), has avc, and delivers approximately 110 millivatts of 
audio to a 3-inch 3.2-ohm PM. dynamic loudspeaker. The 
d-c supply consists of four 112-volt Size-D flashlight cells con- 


nected in series for 6 volts. 


Three 2N94 r-f transistors, three 2N35 a-f transistors, and 
one 1N34A germanium diode are employed. The 2-stage 455-ke 
i-f amplifier is similar to the one illustrated in Figure 1-1 and 


deseribed in Section 1.1, Chapter 1. 


Miniature transistor-type i-f transformers (1F"T,, LET), and 
TETT),), oseillator eoll (T)), and audio transformers (T, and T,)) 
are employed. "The oscillator coil and 1-f transformers are slug- 
tuned. All of the components employed in this recefver are readily- 
obtainable commercial products. 


Tuning throughout the standard broadcast band is accom- 
plished vvith a conventional, midget 365-uufd dual variable 
capacitor, Cı-Ce. A compression-type padder, C, is provided for 
oscillator tracking at the lov end of the broadcast band. 

The antenna, İ,, is a self-contained, high-Q, ferrite-rod type 
loop vith a lovv-impedance tap for conneetion to the base of the 
2N94 converter transistor. 

Volume control is afforded by the single 10,000-ohm po- 
tentiometer, Rış. AVC current from the 1N34A second detector 
is delivered to the front-end stages through resistors Eu and Rə. 

The audio channel consists of a 2N35 single-ended driver and 
pushpull 2N35 class-B output stage. Correct connections to the 
audio transformers are indicated by the color coding of the leads 
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shovn in Figure 3-5. Do not interchange these conneetions if 
audio oscillation is to be avoilded. 


The technician must be careful also to make connections to 
the correct terminals of the 1-f transformers and oscillator coil. 
In Figure 3-5, these terminals have been labelled to correspond 
to the manufacturer”s numbering. The No. 3 terminal of the 
oscillator coil (T)) is not used in this circuit, therefore is not 
shovvn in Figure 3-5. The polarity of the battery and of electrolytic 
capacitor Czə likevyise must be observed carefully. 


Neutralization of the 1-f amplifier is acecomplished by means 
Of capacitors Cə and Ci. This is a very necessary feature, since 
the unneutralized amplifter is strongİy regenerative and vill 
oscillate readily. 


Imitial alignment of the receiver is the same as that performed 
for a tube-type superhet: The i-f channel is aligned first, vith a 
455-ke amplitude-modulated signal generator loosely-coupled 
through a one turn link to the ferrite antenna rod. Next, for front- 
end alignment, the AM signal generator is set to 1500 ke and the 
tuning capacitor, Ci-Ce, set to its minimum capacitance (fully 
open) position. Adyust first the slug of) oscillator eoll Ti) to its 
minimum inductance (serevv all the vvay out) position, and then 
the built-in trimmers on Ce and Cı for maximum speaker signal. 
The tuning capacitor and signal generator then are set to their 
935 ke positions, and padder Cş is adyusted for maximum signal. 
Return to 1500 ke and read?ust the tuning capacitor trimmers, 
and again return to 535 kc and readyust C,. 


Satisfactory operation is obtained vith the oscillator colls 
specified up to 1550 ke vvhich is more than adequate for most 
localities. İn the event it is desirable to extend the upper frequeney 
range to 1600 kc it vill be necessary to İovver the inductance of 
the oscillator tank vinding. This can be easily accomplished by 
removing 10 turns from the tank vinding (terminal £76 as indicated 
on the sehematic diagram vhich shovvs the bottom viev of 
terminal connection). 
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CHAPTER 4 


Ham Radio 





4.1 Novice C-VV Transmifter. 


An intriguing application of the r-f transistor is in a simple, 80- 
meter erystal oscillator-type c-vv transmitter. The circuit of a 
typical 1-transistor transmitter is shovvn in Figure 4-1. VVhile 
this transmitter can give surprisingİy good account of itself under 
favorable conditions, its very lovv r-f povver output of approxi- 
mately 15 millivvatts demands that it have an interference-free 
spot in the band. 













80 M Crystal 
Z 
2 
2N94 T 
80-Meter end-link-type plug-in coil 
50 kafd (Barker 6 VVilliamson Type MEL-80) 
midget 2 ğ 
iable , ” 
ə 2/2 mh varic — 
ə r-f choke “ əl 
TUNING ə q To antenno or anfennd coupler 
“— 
“0.005 afd i 
ə əə 52 2/2 mh r-f choke 
0.001 fd 
mica ——— 0-5 DCMA 
Chiassis çə 
bə —— 
10K0 . Key 
ədd: vvirevvound 
I pofenfiometer 
12v SV. 


FIGURE 4-1—Novice C-VV Transmifter. 


Lə 


An active erystal should be used. VVhen tuning the collector 
tank to the erystal frequeney, the collector current as indicated by 
the milliammeter vill dip. Hovvever, this dip is not as deep as in 
a tube-type oscillator. "The 10K-ohm potentiometer should be 
adyusted, vvith the key elosed, for an off-resonance collector 
current of not more than 3 ma and so that oscillation starts readily 


vrhen the key is operated rapidly. 


Antenna loading should be adyusted to raise the resonant 
collector current to 3 milliamperes. İndividual transistors may 
tolerate higher current under full antenna load. 


Operation of the transmitter beyond the 80-meter band, vith 
the 2N94 transistor, 1s not recommended. 


4.2 Phone Monitor. 


Figure 4-2 shovvs a radiophone monitor suitable for 60- and 160- 
meter use and offering higher sensitivity than the common 
diode-type monitor. Close coupling to the transmitter is not re- 
quired. 


A 2N94 tuned detector and 2N36 audio amplifter are em- 
ployed. Vith a short vertical vvhip or rod antenna (2 to 3 feet 
high), a husky headphone signal is obtained. Operation is reliable 








Short verlical 
rod or vvhip 
antenna Argonne AR-103 


” . 
/ TOK vvirevvound pof. 
100 kqfd : .. 


, 
variable 2033 Y green 
, 
Q) 2000-30000 magnetic 
m. GQ headphones 














L 
(plug-in coil) 







VOLUME 
CONTROL 





— 

Chassis. İL 1 ON-OFF 
PLUG-IN COlL (L) SPECIFICATIONS 3v 
160 Meters. 95 turİis No. 30 enamelled vvire 


closevvound on 1”-diamefer form. 
Tap 30th turn from ground end. 


80 Mefers. 46 furns No. 24 enamelled vvire 
closevvound on 1”-diamefer form. 
Tap 12th turn from ground end. 


FIGURE 4-2— Phone Monitor. 
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at distances up to several hundred feet from the transmitter. Thus, 
the monitor is entirely safe to the operator. 


D-C povver is supplied by a 3-volt battery. Tvvo 112-volt 
Size-D flashlight cells connected in series vill give long service 
İife, even on a continuous operating basis, since the total current 
drain is only approximately 212 milliamperes. 


The monitor is built easily into a small metal, radio utility 
box no larger than a small camera. 


4.3 BFO for Communicdfions Receivers. 


Because of the filament povver required by tubes, it is desirable 
to eliminate as many tubes as possible vvhen building a nev battery- 
operated communications receiver. One position in vvhich the 
transistor can function very vell in the communications receiver 
is the beat-frequeney (e-vv) oscillator. An external BFO is required 
vrhen c-vv signals are to be received on a conventional converter- 
auto radio type of mobile radio system. 


İn this İlatter case, the BFO may be operated betveen 1400 
and 1600 ke (1e., 2nd conversion i.f. freq.). İn home-base com- 
munications receivers, the BFO frequeney is usually 455 ke, 
although some receivers may use different i.f. frequencies, and 
therefore require a different BFO frequency. 


440-475 KC.—Miller Type 112-C5 İl 


1400-1600 KC.—Miller Type 112-V/5 1 
2N94 ı 5 vufd mica or ceramic 


V. 


“alu vö “BEAT OSCILLATOR 
TRANSFORMER 










R-F OUTPUT 
Ç 







0.01 afd 
) 0.003 ufd 


5.” 


ə) 10 mh r-f choke 
“) (National R-100 ST) 






- 
lı ON-OFF 
öv 


FIGURE 4-3— FO for Communicafions Receiver. 
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A suitable BFO circuit is given in Figure 4-3. This is a 
Hartley oscillator vith resistance-stabilized base bias. A commer- 
cial BFO transformer is employed. "The tuning capacitor is a part 
of this shielded transformer, but it may be removed and mounted 
on the front panel of the instrument if desired. 


At 6 volts de, the total current drain is 2 milliamperes. 
Oscillation may be obtained at reduced r-f output even at 112 
volts dc and İovver current drain. 
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CHAPTER 5 


Test İnsirumenfs 





5.1 “Grid”-Dip Oscillator. 


A battery-operated grid-dip oscillator admittedİy is eonven- 
ient and versatile because of its complete portability and 
independence from the pover line. Such an instrument seldom is 
attempted, hovvever, because of the poor battery economy of 
tubes and the inconvenience of the requirement for tvvo bat- 
teries—4 and B. 


The r-f transistor makes possible a completely self-contained, 
small-sized dip meter having excellent battery economy and em- 
ploying small flashlight cells for povver. The only important 
limitation at present is the restricted frequeney range of the r-f 
transistor. Hovvever, oscillation has been obtained up to 9 mega- 
eycles viith individual transistors—and some units might reach 
even higher İfrequencies. 

Figure 5-1 is the circuit of a dip oscillator vvith three plug-in 
coils to cover the frequeney range 1 to 9.5 Mc (1-2.2, 2.1-4.5, and 
4.4-9.5 Mc). This is a bias-stabilized oscillator of the Hartley 
type operated at 412 volts de. 

The r-f indicator is a 1N34A shunt diode detector and 0-100 
d-c microammeter, capacitance-coupled across the tuned circult 
through capacitor Cə. The METER CONTROL rheostat, Rə, 
permits setting the meter to full seale at any part of either eoil 
range. Adiustment of the OSCILLATION CONTROL rheostat, 
R.. enables oscillation to be sustained throughout each İfre- 
queney band. 

The accompanying COILL TABLE gives vinding instructions 
for the three eoils. The latter are vvound on 1”-diameter plug-in 
forms. The tuning capacitor, Ca, is a 140-uufd straight-line- 
frequeney, midget variable. 
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C, —0.001 ufd mica R:—2.2K /2 vvaftt carbon 


C:—15 uufd mica R:—1.8K /2 vvatf carbon 
C:—0.001 ufd mica R:—2K vvirevvound potentiometer 
C:—140 uufd midget variable R: —75K pofentiomefter 

C:—0.01 ufd mica RFC—2/2 millihenry r-f choke 
L—See COIL TABLE S—$pst toggle svvitch 


R: —1.8K /2 vvaff carbon 
DIP OSCILLATOR COIİL TABLE 


1 to 2.2 Mc. 102 turns No. 30 enam- form. Tap 23rd turn from 
elled vvire closevvound İovver end. 
Zi . . 
on 1 -diameter plug-in 4.4 to 9.5 Mc. 23 turns No. 24 enam- 
form. Tap 5l1st turn from elled vvire on 1”-diam- 
lovver end. eter plug-in form. Space 
2.1 to 4.5 Mc. 46 turns No. 24 enam- fo vvinding lengith of 1 
elled vvire closevvound inch. Tap İlİth turn from 
on 1”-diameter plug-in lovver end. 
2N94 


75K 
METER CONTROL 





İ. sax. x ——İ .01 Af 2/: mh. 
OSCILLATION - 


-—— R RA CONTROL 4Va v 


Chassis : “Dİ ON-OFF 


FIGURE 5-1—""Grid”-Dip Oscillator. 


The 412-volt battery can consist of three series-connected 
Hashlight cells. VVhen the instrument is to be used only oc- 
casionally, these may be penlight cells. 


5.2 Mulfti-Crystal R-F Alignmenf Oscillator. 


A erystal-type signal generator is convenient as a spot-frequeney 
oscillator particularly for use in receiver alignment and instrument 
calibration. VVithin practical limits, any number of erystals can 
be used. Since no tuning is required, test frequencies may be 


svvitched rapidly. 


Figure 5-2 is the circuit of a erystal-type modulated oscillator. 
Four erystals are shovn. The FREQUENCY SELECTOR sviteh, 


91-52, cuts a particular erystal into the circuit at the same time 


20 


the eorresponding pre-tuned collector tank cireuit is selected. For 
example, the 455-ke erystal is selected simultaneously vith the 
455-ke pre-tuned tank, L,Cə. Fach tank ecoil (Li) to La) is slug- 
tuned. 


The base rheostat, Rs, serves as an r-f output control, Svviteh 
Sə 1s closed to start the 2N94 r-f oscillator: svviteh 5, to start the 
2N35 1000-eycle modulator. "Thus, either modulated or un- 
modulated r-f output is available. Rheostat Rə is provided vith a 
slotted shaft for serevvdriver adyustment and eontrols the veave- 
form of the a-f modulating voltage. High-impedance r-f output 
is provided through ecoupling capacitor Cu. 


Cı, C:—0.01 ufd mica L.—9-16 microhenry slug-tuned coil— 
C:—250 uufd silvered mica Miller 4506 

ə ı 
C:—10 uufd silvered mica R:—500K /2 vvaff carbon 


— K fenfi t 
C:—100 uufd silvered mica Pıpebbə Lə 57007 : 
R: —2K vvirevvound pofentiomefer 


C:—75 uvuufd silvered mica R,—2.7K /2 vvatf carbon 


C/: —100 uufd silvered mica R.—1:5K 12 vvaii carbon 
C:—0.004 ufd metallized tubular R:—27K /2 vvaft 
C—0.25 ufd metallized tubular RFC,, RFC:—2 /2 millihenry r-f chokes 
L,, L?—0.185-1 mh slug-tuned coil— S:-S:—2-pole, 2-11-position, non-short- 
Miller 6195 ing, rofary selector svvitch 
L:—0.054-0.245 mh slug-tuned coil— S:, S.—Spst toggle svvitches 
Miller 6196 T—U. T. C. Type 0-7 Ouncer fransformer 


Crystals ” 
45577: İ “T . 5 Mc di 


FREQUENCY 
1 7. SELECTOR 


-—- 









2N94 
R-F 
OSCILLATOR 





z Li: ” L, L: L, 
RFC, fe : 







Hr . A-F Modulafor 
high-impedance 2N35 
, vvinding — 


İovv-impedance 
vvinding 


4700 







OUTPUT 
CONTROL 





“— Chassis MODULATOR ə 


ON-OFF Vixaşit 


50K 
OUTPUT 
CONTROL 


FIGURE 5-2—Mullti-Crystal R-F Alignment Oscillator. 
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Fach of the tuned circuits (L/,Cş, LəC5, L,Cs, and Lu.C/?) is 
pre-tuned to its erystal frequeney in the folloving manner: (1) 
Connect an r-f vacuum-tube voltmeter to the R-F OUTPUT 
terminals. (2) Svviteh-on the oscillator and set rheostat Rə for 
maximum meter deflection. (3) Set svvitch 5:-5ş for the desired 
erystal frequeney and tune the corresponding tank to resonance 
by adiusting the coil slug for peak deflection of the meter. (4) 
Rheostat Rə may be set for best audio vvaveform either by means 
of an oscilloseope connected across the high-impedance vinding 
of transformer T, or by listening to the oscillator signal vvith a 
receiver connected to the R-F OUTPUT terminals and setting 
Rə for the cleanest tone. 


5.3 Hefterodyne Frequency Mefer. 


Figure 5-3 is the circuit of a conventional heterodyne frequeney 
meter transistorized for small size, portability, and economical 
battery operation. The heterodyne frequeney meter is convenient 
for the measurement of radio frequencies over a vide range. 


This instrument consists of a 2N94 r-f oscillator continuously 
variable and direct-dial-calibrated from 500 to 1000 ke, 1N34A 
detector-mixer, and 2-stage 2N35 audio amplifter. Headphones 
are used as the beat note detector. Operation is from a sell- 
contained 6-volt battery vvhich can be four Size-D flashlight 
celİs connected in series. 


The operating principle of the heterodyne frequeney meter 
is simple. The unknovn signal is applied to the R-F SIĞNAL 
INPUT terminals either by direct connection to the signal source 
or by antenna pickup. The oscillator is tuned to zero beat vith 
this signal, as indicated by headphone tone. At this point, the 
signal frequeney is determined from the oscillator İrequeney. 
That is, from the calibrated oscillator dial setting. The unknovn 
signal frequeney may be either identical vith the oscillator fre- 
queney (f) or it may be a harmonic or subharmonic of f. Thus, 
signals may be detected and measured all the vay from about 
1/10 f to 20 or 30 f. In the first instance, harmonics of the test 
signal beat vith the oscillator, in the other case, harmonics of the 
oscillator beat vvith the test frequenecy. İn this vvay, an oscillator 
range of 500 to 1000 kc is satisfactory for checking frequencies 
from 50 kc to 20 or 30 megaceyecles. The limiting faetor is audibility 
—after a certain separation betvveen signal and oscillator frequen- 
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R-F Signal İnput 


0.0001 
fd ə 
mica 
750 vufd “.y 
silvered 
SCILLAT miq DETECTOR İsi A-F 
M 5 1N34A 2N35 
2N94 İrimmer ə 
on funing c 1 .. 
capacifor 5 . z 1 
“gü öz 







MAGNETIC 
HEADPHONES 





2V: mh 
Chassis r-f choke 


T:—Transistor Broadcast Oscillator Coil (Miller 2020) 
Tə, T:?—Transistor İnterstage Transformers (U.T.C. 550-7) səsi 


FIGURE 5-3—Heferodyne Frequeney Meter. səşirqana alı 
öv, 


cies, the beat note becomes too vveak fər accurate setting to zero. 


The osecillator dial may be calibrated initially by the zero 
beat method by means of accurately-knovn signals fed into the 
R-F SIGNAL INPUT terminals. The trimmer on the tuning 
capacitor is used for alignment vith the upper-limit İrequeney 


1000 kc. 

The oscillator coll, "Ti, is a commercial transistor-type com- 
ponent. The terminals of this unit are labelled in Figure 5-3 to 
correspond to the manufaceturer”s numbering. 


5.4 Moduldcted R-F Test Oscillator. 


A tunable signal generator for broadcast and intermediate İfre- 
quenctes is shovvn in Figure 5-4. This instrument covers the range 


420 to 1700 kc and provides both unmodulated and 1000-eycle 
modulated r-f output. 


Operated from a 712-volt battery, the circuit employs a 
2N94 r-f oscillator, 2N35 a-f oscillator, and 1N34A amplitude 
modulator. 

The single tuning range, 420-1700 ke, is covered by means of 
the 730-uufd variable capacitor obtained by parallel-connecting 
the tvvo sections of a dual 365-uufd unit. 
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C.—0.002 ufd mica 

C:—0.1 ufd metallized tubular 
C:-C4—Duacl 365 uufd variable 
C:—0.1 ufd metallized tubular 
Ce—250 uufd mica 

C, —0.004 ufd 

C:—0.25 ufd metallized tubular 


L—110 turns No. 32 enamerlled vvire 
closevvound on 1”-diamefer form. 
Tap 44fth turn from lİovver end 


L.—7 turns No. 32 enamelled vvire close- 
vvound oround lovver end ofL, 


R:—2.2K /2 vvaft carbon 
R:—2K //2 vvaftt carbon 


R-F OSCILLATOR 


”F Chassis 









AMUR. 


R: R R, 
laı—” $, 


7/“74 ON-OFF 





lovv-impedance is 


primary “ə İ 5 


high-impedance , ... 
secondary 
(center fap unused) 


R:—300 ohms /2 vvaft carbon 
R:—1200 ohms /2 vvaff carbon 
R:—12K /2 vvaftt carbon 


Re—1000-ohm vvirevvound 
pofenfiometer 


R, —2.7K /2 vvatf carbon 

R:—2K vvirevvound pofentiomefer 
R.—1.5K /2 vvaff carbon 
R:0—27K /2 vvaft carbon 
RFC—10 millihenry r-f choke 
S:-S:—Dpsf toggle svvitch 
S:—Spsf toggle svvifch 


T—U. T. C. Type 0-7 Ouncer 
iransformer 


AMPLITUDE 
1N34A (MODULATOR) 


c, 


R, 
OUTPUT ) 
Rs.) CONTROL R-F OUTPUT 


(420-1700 KC) 
9 


A-F OSCILLATOR 


R, 


”. 


S: 


MODULATION 
ON-OFF 





FIGURE 5-4—Modulated R-F Test Oscillator. 


The 1N34A modulating diode receives its d-c bias from the 
common battery through the R:-R, resistor netvvork. Potentiome- 


ter Be is the R-F OUTPUT control. 


R-F output is available as soon as svvitch S)-Sş is elosed. 
1000-eycle-modulated r-f is obtained vvhen, in addition, svvitch 
Sə is closed. Rheostat Rş is adyusted for clean tone modulation, 
as indicated by a receiver connected to the R-F OUTPUT termi- 
nals of the instrument and tuned to the output frequenecy. 


The instrument may be calibrated against another oscillator 
or İrequeney standard, using the zero beat method. The trimmers 
of the tuning capacitor, Cş-Ca, then may be used for correction 


during calibration re-checks. 


5.5 R-F Capociftance Mefer. 


Figure 5-5 shovvs a tunable instrument for checking capacitance 
by the substitution method at 1 megacyecle. İts range is Ü to 
925 uufd. 

The circuit comprises a 2N94 1000-eycle erystal oscillator, 
external capacitance-checking tuned circuit (L,C:Cə) link-coupled 
to the oscillator tank: and r-f voltmeter consisting of a 1N34A 
germanium diode, 0-50 d-c microammeter, and METER SENSI- 
TIVTTY rheostat. 

The erystal oscillator is pre-tuned by adiusting the slug of 
inductor L, for peak deflection of an r-f vacuum-tube voltmeter 
connected temporarily betvveen the 2N94 collector and ground. 

The external tuned circufit is resonated to the oscillator fre- 
queney by ad?usting capacitor Cə for peak defleetion of the micro- 
ammeter. Resonance should occur vith Cə set to maximum 
capacitance and Cı to mid-range. İf the pointer is driven off the 
microammeter scale, adyust the METER SENSTTIVTTY control 
to a higher-resistance point. 

To calibrate the dial of capacitor Cə: (1) Svviteh-on the 
oscillator and diseonnect the top of coil Lş temporarily from Cı 
and Cə. (2) Set Cı to mid-range and Cə to maximum capacitance, 
the positions previously determined for resonance vith the 
oscillator. (3) Connect an accurate capacitance bridge to the 
UNKNOVN CAPACITOR terminals, check the total capaci- 
tance Cı -- Cə and mark this value on the Cə dial at this setting. 
This capacitance value vill be referred to hereafter as Cy. (4) Set 
the bridge to a capacitance value 10 uufd lover than Cy- and 
adyust Cə for bridge null, Mark this capacitance value on the Cə 
dial, (5) Repeat in 10-uufd steps until the minimum-capacitance 
setting of Cə is reached. (6) Remove the bridge and reconnect 
coil L,. 

To use the instrument: (1) Svviteh-on the d-c povver. (2) VVith 
the UNKNOVN CAPACTTOR terminals open, resonate the 
measuring circuit by setting Cə to maximum capacitance (Cy) and 
tuning Cı for peak deflection of the microammeter. İnerease the 
resistance setting of the METER SENSTTIVITY control if the 
pointer is driven off scale. (3) Connect the unknovn capacitance 
to the UNKNOVN CAPACITOR terminals by the shortest 
possible leads. (4) "Yhis connection detunes the circuit and the 
meter reading vill drop. Novv, set Cə to a İovver capacitance to 
restore resonance, as indicated by peak upsving of the meter. Do 
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not disturb the setting of Cı. (5) Read the capacitance (Cz) at this 
second setting of the calibrated dial of Cə. (6) The unknovn 
capacitance Cx then equals the difference betvveen the tvvo dial 
settings. That is, Cx — Cy—C,. Very small capacitances may be 
measured in this manner. 


For direct readings requiring no calculations, the Cə dial 
may be marked zero at the maximum-capacitance of the main 
capacitor and then graduated 10, 20, etc. at the succeeding 8 
10-uufd steps up to 325 uufd at the minimum-capacitance setting 
of Cə. At the second adyustment (C,) of the Cə dial, the unknovn 
capacitance then may be read direetly in micromicrofarads 
from the dıal. 

























midgef 
dir frimmer 
1000-KC CRYSTAL variable 300 uufd siraighf line capacitance 
10 turns Y variable (National TMS-300) 
No. 24 İ ” 
enamelled 

2V, / 2N94 vvire vvound: EUR 
mh əş around lovv YA TERMINALS 


200 uufd end of L, 
silvered 


mica 


r-f choke F MAIN CONTROL 
o 






İvvisted- 
pdir 






277 0.01 


0-50 DC xa 


ka Chassis ON-OFF ih 


LL —Slug-tuned 54-245 ah coil (Miller 6196) 


13—67 turns No. 28 enamelled vvire closevvound on 1”-diameter 
form. Tap 2öfth turn from ground end. — 


L,—6 turns No. 28 enamelled vvire closevvound around ground end oflLə. 


FIGURE 5-5—R-F Capacitance Mefer. 
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CHAPTER ö 


Miscellaneous Devices 





6.1 VVireless Phono Oscillator. 


A battery-operated phonograph oscillator for vvireless transmission 
into a broadcast recefver is attractive because it requires no con- 
nection to the povver line and is hum-free. Transistors make 
possible economical battery operation of this device. 

Figure 6-1 is the cireuit of a simple phono oscillator unit 
employing a 2N94 fixed-tuned r-f oscillator and 2N35 modulator. 
A short length of flexible, insulated vvire (ac-de antenna hank) 
serves as the transmitting antenna. 

The oscillator frequeney is adyusted by means of a 0.2-3- 
millihenry slug-tuned inductor. The frequeney may be shifted 
throughout the broadcast band to any clear spot on the receiver 
dial, The oscillator is a Colpitts-ty pe circulit. 

Operated from a self-contained 3-volt battery, the circuit 
dravvs 1.6 ma. 


FLEXIBLE-LEAD 
ANTENNA 









0.2-3 mh 
slug-tuned 
inductor M 
(Miller 6318) “5 


” 

FROM VARI- 

ABLE RELUC- 

TANCE PICKUP 
o 


FIGURE 6-1—VVireless Phono Oscillator. 
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6.2 VVireless Mike. 


flexible-lead antenna 









50 uufd 
silvered 


TUNING 


Thordarson 20A00 


SINGLE mike fransformer 


BUTTON 
CARBON 
MIKE 


-ə” 


TK 


FIGURE 6-2—VVireless Mike. 


The vireless microphone circuit of Figure 6-2 operates somevhat 
the same as the phono oscillator deseribed in the preceding Section 
6.1, except that the mike permits voice announcements to be 
made through the radio receiver tuned to the circuit frequeney. 
Like the phono oscillator, the vvireless mike may be tuned through 
the standard broadeast band. 


A 2N94 fixed-tuned r-f oscillator is employed. By using a 
carbon microphone, sufflicient audio povver is obtained on speech 
to modulate the oscillator directİy svithout an audio amplifter 
stage. Some carbon mikes may require less bias than the 3 volts 
shovrn. If "“packing” of the carbon granules occurs the bias 


should be reduced. 


The oscillator is tuned by means of the serevvdriver-adyusted 
slug in the coil. The antenna, like that of the phono oscillator, 
is a short length of flexible, insulated vvire (ac-de antenna hank). 
A short vertical antenna, such as a 1- to 2-foot length of stiff 
vvire, also may be used as a transmitting antenna. 
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6.3 Simplified Metal Locdftor. 


Figure 6.3 is the circuit of a simple, lovv-fİrequeney r-f oscillator 
for locating hidden metallic obyects at a distance of 1 to 2 feet. 
The distance over vhich the device is effective depends upon the 
size of the obyect and the kind of material in vhich it is buried. 
This device is handy for İlocating pipes, vviring, nails, etc. in vvalls, 
cellings, and under floors. 


The modifted Hartley oscillator is tunable from 180 to 450 ke 
by means of the 140-uufd variable capacitor. ""Phe higher fre- 
quencies in this range seem to be more effective for locating 
small-sized obyects. The indicator is an r-f voltmeter comprised 
of the 0-100 d-c mieroammeter, 100K METER SENSITIVTTY 
potentiometer, 1N34A germanium diode, and 10 uufd coupling 
capacitor. VVith the battery svyitched-on, the potentiometer is 
set for full-scale deflection of the meter. If a metal obyect then 
comes vvithin the field of the seareh coil, it vill detune the oscil- 
lator slightly and cause the meter reading to increase or decrease 
sharply. VVhen the metal passes out of the field, the deflection 
returns to its original level, 


The search coil should be mounted so that it may be svung 
around to present either its side or bottom to the area suspected 


140 uufd 
midget variable 
/ 


EXPLORING (SEARCH) 
.. COlL 
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EXPLORING COIL SPECIFICATIONS: 
230 turns No. 32 enamelled vvire closevvound on 4”-diamefer, 212” 
high form. Top A 40 turns from lovv end. Top B 100 turns from lovv end. 


FIGURE 6-3—Simplified Metal Locafor. 
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to contain hidden metal, The tuning capacitor may be set for any 
frequeney in the tuning range. Hovvever, as stated earlier, the 
higher frequencies should be used vvhen small-sized obyects 
are suspected. 

This metal locator is not satisfactory for underground treasure 
hunting, although it is capable of picking out a sevver top or car 
track that has been covered vrith a relatively thin topping of 
asphalt. The reason is that the r-f output of the 2N94 transistor 
is too İlovv for deep penetration into the soil. 
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NEVVI—INDUSTRIAL USES FOR 
GERMANIUM CRYSTALS 


27 never-before-published circuifs for indusirial 
applications of Germanium Ciystals. Should 
be read by all, plant and indusfrial 
engineers and consulfanis. 


PRICE 25c 


Order from Your Sylvaniq Distributor 
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CRYSTAL DIODE 
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Contdins 40 Germdnium Crystal applicafions 
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ELECTRONIC 
SHORTCUTS FOR HOBBYISTS 


24 Simplified crystal diode applications for the 


hobbyist, experimenter or model maoker. 


PRICE 25c 


Order from Your Sylvanic Distributor 
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40 USES FOR GERMANIUM DIODES 


Conidins receiver iransmifter and amplifier application, 


insirumenis and gadgefs—a variety of applicafion 
interesting to all radio people. 


PRICE 25c 


Order from Your Sylİvaonic Distributor 
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$yİvania Transistors 
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High-Povver, Lovv Fre- 
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